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Lower gastrointestinal perforation is rare and challenging to diagnose in patients presenting with an
acute abdomen. However, no study has examined the frequency and associated factors of diagnostic
errors related to lower gastrointestinal perforation. This large-scale multicenter retrospective study
investigated the frequency of diagnostic errors and identified the associated factors. Factors at the
level of the patient, symptoms, situation, and physician were included in the analysis. Data were
collected from nine institutions, between January 1, 2015 and December 31, 2019. Timely diagnosis
was defined as diagnosis at the first visit in computed tomography (CT)-capable facilities or referral to
an appropriate medical institution immediately following the first visit to a non-CT-capable facility.
Cases not meeting this definition were defined as diagnostic errors that resulted in delayed diagnosis.
Of the 439 cases of lower gastrointestinal perforation identified, delayed diagnosis occurred in 138
cases (31.4%). Multivariate logistic regression analysis revealed a significant association between
examination by a non-generalist and delayed diagnosis. Other factors showing a tendency with
delayed diagnosis included presence of fever, absence of abdominal tenderness, and unavailability of
urgent radiology reports. Initial misdiagnoses were mainly gastroenteritis, constipation, and small
bowel obstruction. In conclusion, diagnostic errors occurred in about one-third of patients with a lower
gastrointestinal perforation.

Recently, there has been a remarkable increase in the level of attention and development in the field of diagnostic
errors, with the volume of publications having rapidly increased!. The frequency and impact of diagnostic errors
on medical care are increasing, with diagnostic errors reported in 5% of outpatient cases?, 10% of in-hospital
deaths®, and 7-17% of in-hospital adverse events**. In the area of medical litigation, diagnostic errors are also
reportedly the most common complaint®. A report by the National Academy of Medicine has identified diag-
nostic errors as an urgent national concern’ and the Economic Cycle Research Institute (ECRI) has designated
diagnostic errors as the number one patient-safety problem. To prevent harm associated with diagnostic errors,
it is first necessary to determine their frequency and identify their associated factors®.

Lower gastrointestinal perforation is an acute abdominal condition in which numerous bacteria from the stool
spread from the small and large intestines into the abdominal cavity, causing acute diffuse peritonitis. Compared
to upper gastrointestinal perforation, lower gastrointestinal perforation is less common but more severe, and is
on the rise’. Regardless of the cause, the clinical presentation of small and large bowel perforations is relatively
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consistent, and management comprises resuscitation, antimicrobial therapy, and repair or reconstruction of
the perforation site'®. Although rare, it is common to experience difficulty in diagnosing lower gastrointestinal
perforation, in timely fashion, in clinical practice. The preoperative diagnostic rate is approximately 10% with
a high mortality rate at 30%'. Thus, lower gastrointestinal perforation is an important and lethal condition in
clinical practice. However, to the best of our knowledge, no previous studies have examined the frequency of
diagnostic errors in cases of lower gastrointestinal perforation and the factors associated with these diagnostic
errors. To address this important clinical issue, we conducted a large-scale retrospective study to determine the
frequency of diagnostic errors and to identify related factors.

Methods

This retrospective study was conducted across nine institutions, between January 1, 2015 and December 31, 2019.
Medical records were reviewed and data were extracted for all possible cases of lower gastrointestinal perfora-
tion, during the relevant period, using the following inclusion criteria: newly registered lower gastrointestinal
perforation in the electronic medical record and use of the terms "free air" and "perforation” in the CT report.
After review of the medical records of identified cases, the following cases were retained: cases in which clinical
symptoms consistent with a lower gastrointestinal tract perforation and CT reports by a radiologist indicating
lower gastrointestinal tract perforation; and cases in which a lower gastrointestinal tract perforation was con-
firmed by surgery, endoscopy, or contrast study. Excluded were cases with a diagnosis of perforated appendix,
diverticulitis, and perforation of the upper gastrointestinal. The following case were also excluded: cases where
surgery was not indicated and the perforation site, either in the upper or lower gastrointestinal tract, could not be
determined by clinical symptoms or imaging findings; cases in which the site of perforation could not be identi-
fied even though surgery was performed due to free air on CT; gastrointestinal perforation due to endoscopy
or after surgery; gastrointestinal perforation due to trauma; secondary perforation due to mesenteric ischemia;
and patient < 15 years of age. For hospitals where electronic medical records were introduced during the study
period, only cases evaluated following the introduction of the electronic medical records were included.

Data collected retrospectively included patient factors (age, gender, facility resident, diabetes, dementia,
psychiatric disorders, chronic laxative use, chronic analgesic use, chronic antipsychotic use, use of immunosup-
pressive agents [including steroids], last-minute enemas, and bedridden status), disease factors (presence of
fever, abdominal pain, acute pain, abdominal tenderness, elevated C-reactive protein [CRP], and foreign body),
situational factors (outpatient or inpatient, time from onset to clinical or hospital visit, facility size [greater than
or less than 400 beds], teaching hospital [with or without residency programs], and availability of urgent radiol-
ogy reports), characteristics of the examining physician (general practitioner, emergency physician, gastroen-
terologist, or other), site of perforation (the small bowel, cecum, ascending colon, transverse colon, descending
colon, sigmoid colon, and rectum), and whether the perforation was caused by a foreign body or not. Due to the
characteristics of the department, the general practitioners and emergency physicians were defined as generalists.

Definition of timely diagnosis, delayed diagnosis, and diagnostic error. We have determined two
sets of criteria for timely diagnosis. The first of these patterns is a diagnosis of perforation of the lower gastro-
intestinal tract during the initial examination at a CT-capable facility. The second is a diagnosis of perforation
of the lower gastrointestinal tract after initial examination at a non-CT facility with immediate referral to an
appropriate medical institution for investigation of an acute abdomen or abdominal pain. Patients who had an
incorrect diagnosis made during the initial examination at a non-CT facility but who were immediately referred
to an appropriate medical institution for further investigation, resulting in a timely diagnosis, were defined as
a “near miss” Patients who had no evidence of perforation on initial CT but who were finally diagnosed with
lower gastrointestinal perforation after additional evaluation, were defined “no fault” cases. Delayed diagnosis,
therefore, included all cases without a timely diagnosis, as well as near miss and no fault cases.

Analysis methods. The chi-squared test or the Fisher’s exact test was used to compare nominal variables.
For continuous variables, t-tests or Wilcoxon rank-sum tests were used, as appropriate. For multiple logistic
analysis, we incorporated several important factors that were likely to be significant (at P<0.1) and that avoided
multicollinearity, as follows: elderly patients (> 65 years old), visit to the health care facility after 24 h, presence
of fever, absence of abdominal tenderness, elevated CRP (above 10 mg/L), night shift, first visit to a teaching
hospital, unavailability of urgent radiology reports, first visit to the clinic, and examination by a non-generalist.
Statistical analyses were performed using the EZR (Easy R) software!. All the tests were two-sided, with P<0.05
considered statistically significant.

Ethics statement. This study was approved by the ethical review board of Showa University Koto Toyosu
Hospital (No.20T7044) and conducted in accordance with the Declaration of Helsinki. Written informed con-
sent was waived owing to the retrospective study design by the ethical review board of Showa University Koto
Toyosu Hospital.

Results

Of the 439 cases with lower gastrointestinal perforation that were identified in the nine hospitals included, 205
(46.8%) were female and the median age was 72.21+13.92 years. Considering the perforation sites, 230 were
determined by surgery, 205 by CT, 2 by endoscopy, and 2 by contrast. Of the 439 cases, delayed diagnosis, near
miss, and no fault occurred in 138 (31.4%), 34 (7.7%), and 17 (3.9%) cases, respectively. The near-miss and no-
fault cases were grouped into the timely diagnosis group. The distribution of the patient, disease, situational,
and physician factors according to the two groups, namely the “Timely” and “Delayed” diagnosis groups, is
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shown in Table 1. Significant differences were noted between the two groups in terms of visits within 6 h (odds
ratio [OR]: 0.47, 95% confidence interval [CI]: 027-0.80), visits following more than 24 h (OR: 1.578, 95% CI:
1.037-2.403), presence of fever (OR: 1.648, 95% CI: 1.078-2.520), absence of abdominal tenderness (OR: 2.761,
95% CI: 1.457-5.232), elevated C-reactive protein (CRP) (OR: 2.820, 95% CI: 1.438-5.523), night shift (OR:
0.560, 95% CI: 0.345-0.909), visit to a teaching hospital (OR: 0.355, 95% CI: 0.234-0.537), first visit to the clinic
(OR: 4.061, 95% CI: 2.455-6.717), unavailability of urgent radiology reports (OR: 2.306, 95% CI: 1.390-3.823),
and examination by a non-generalist (OR: 5.882, 95% CI: 2.796-12.356).

The results of the multivariate logistic regression analysis performed using the above-mentioned nine vari-
ables are shown in Table 2. We hypothesized at the beginning of the study that delayed diagnosis was more likely
to occur in the elderly. Regarding age, we conducted a multivariate analysis using age = 65 years as one of the
variables. Using this age cutoff, examination by a non-generalist was significantly associated with a greater likeli-
hood of delayed diagnosis (OR: 3.46, 95% CI: 1.13-10.60). Other factors with a tendency to be associated with
a delayed diagnosis included: presence of fever (OR: 2.09, 95% CI: 0.90-4.83), absence of abdominal tenderness
(OR: 3.27, 95% CI: 0.90-11.90), and unavailability of urgent radiology reports (OR: 3.15, 95% CI: 0.97-10.20).

Of the 138 cases with delayed diagnosis, the 91 cases in which the initial diagnoses were known are shown in
Table 3. The wrong initial diagnoses included gastroenteritis, small bowel obstruction, constipation, diverticulitis,
appendicitis, and influenza in 27, 13, 10, 5, 3, and 3 cases, respectively.

Discussion

Lower gastrointestinal perforation is one of the diagnoses of acute abdomen. Unlike in appendicitis and diver-
ticulitis, a myriad of bacteria in the stool spread from the colon to the abdominal cavity, causing acute dif-
fuse peritonitis, bacterial toxin absorption, and infectious shock, leading to multiple organ failure with a high
mortality rate of 30-50%""1>!%. Therefore, lower gastrointestinal perforation requires prompt diagnosis and
therapeutic intervention''. However, it has no specific symptoms and is often misdiagnosed. Previous case series
have reported that only about 10% of cases are diagnosed before surgery'!. We conducted the first large-scale
multicenter retrospective study on lower gastrointestinal perforation.

In this study, delayed diagnosis occurred in about 31% of the cases; this was less than the rates reported in
previous studies''. In a previous study, the rate of accurate diagnosis before surgery was approximately 10%'";
however, in this study, 60-70% of the patients had timely diagnosis. This may be because the prevalence of CT
in Japan is extremely high'® and the fact that the definition of timely diagnosis included cases in which although
the initial diagnosis was wrong, the patients were referred immediately, resulting in timely diagnosis (near miss)
and cases in which the immediate diagnosis was difficult (no fault).

There are no previous studies regarding factors associated with diagnostic errors of lower gastrointestinal
perforation. Yang and Ni reported that this disease was more common in the elderly and bedridden patients, with
70% of the patients having a history of chronic constipation and 20% developing the disease after laxatives were
administered'’. Therefore, acute abdominal pain with signs of peritoneal irritation in the elderly with chronic
constipation or in long-term bedridden patients should be considered as a symptom of lower gastrointestinal
perforation'!. The results of this study indicate that bedridden patients and those with a history of constipation
are at risk for lower gastrointestinal perforation; however, these cases were not directly related to delayed diagno-
sis. Other factors, such as antipsychotic use, analgesic use, use of immunosuppressive drugs including steroids,
history of psychiatric disorders, and history of diabetes mellitus, were also unassociated with delayed diagnosis.

In our study, the multivariate logistic regression analysis revealed that examination by practitioners other
than general physicians was significantly associated with delayed diagnosis. Furthermore, presence of fever,
absence of abdominal tenderness, and unavailability of urgent radiology reports tended to be associated with
delayed diagnosis.

In Japan, the training of general practitioners and emergency physicians has only just been established and
there is an urgent need to train them further. Currently, most of the primary care and emergency room services
are provided by domain-specific specialists'®. As a result, primary care and emergency medicine in Japan is
provided by doctors who are not well trained in these areas. Additionally, the level of accuracy of diagnosis by
gastroenterologists and non-gastroenterologists were similar in this study (OR: 1.258, 95% CI: 0.786-2.014).
Although this is a problem unique to Japan, the results suggest that training of the general practitioners and
emergency physicians who are skilled in dealing with various symptoms decreases the risk of delayed diagnosis
of lower gastrointestinal perforations and possibly of other acute illnesses.

The reason that lower gastrointestinal perforations with fever is more likely to be missed is that the pres-
ence of fever may anchor the working diagnosis to the occurrence of an infection. With some exceptions, lower
gastrointestinal perforation should result in abdominal pain with signs of peritoneal irritation. In the presence
of abdominal pain with peritoneal irritation signs, the differential diagnoses include appendicitis, diverticuli-
tis, pancreatitis, or gastrointestinal perforation. Therefore, when patients have abdominal pain with peritoneal
irritation signs with or without fever, the strategy to reduce delayed diagnosis is not to treat empirically with
antimicrobial agents, but to perform imaging studies to confirm the diagnosis.

This study revealed that the absence of tenderness was associated with delayed diagnosis of lower gastrointes-
tinal perforation, and the finding of an absence of abdominal tenderness in about 10% of the cases is consistent
with that in Yang and Ni’s study''. Lower gastrointestinal perforation without abdominal findings presents a
diagnostic difficulty. Repeated reevaluation and follow-up of patients with abdominal pain or positive inflam-
matory reaction without a clear diagnosis is desirable to avoid missing these cases.

In Japan, the availability of urgent radiology reports is low, with only 26.9% cases reported in this study. Com-
munication barriers between physicians and radiologists are due to a variety of factors, such as system factors
(e.g., health information technology, crowding, shift-based work, and interruptions) 1”18, Our results suggested
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Characteristics ‘ Timely diagnosis (n=301), frequency (%) | Delayed diagnosis (n=138), frequency (%) | Odds ratio [95%CI] | P value
Patient factor

Age, meadn (SD)y 73.1+£13.2 70.3+£15.3 P=0.047
Female, n (%) 139 (46.2) 66 (47.8) 1.165 [0.7786-1.744] | P=0.758
Facility resident 29 (9.6) 7 (5.1) 0.501 [0.219-1.151] P=0.134
Diabetes 48 (15.9) 15(10.9) 0.643 [0.349-1.185] P=0.188
Dementia 32(10.6) 10 (7.2) 0.657 [0.318-1.36] P=0.298
Bedridden 13 (4.3) 9(6.5) 1.546 [0.659-3.627] P=0.250
Psychiatric disorders 14 (4.7) 10 (7.2) 1.602 [0.707-3.632] P=0.266
Chronic analgesic use 40 (13.3) 20 (14.5) 1.106 [0.623 -1.964] P=0.765
Chronic antipsychotic use 20 (6.6) 12 (8.7) 1.338 [0.643-2.785] P=0.435
Chronic laxative use 74 (24.6) 33 (23.9) 0.964 [0.603-1.541] P=0.905
Use of immunosuppressive(including steroids) 43 (14.3) 16 (11.6) 0.787 [0.429-1.443] P=0.547
Last-minute enemas 13 (4.3) 4(2.9) 0.661 [0.223-1.967] P=0.600
Age > 65 23 4(77.7) 100 (72.5) 0.753 [0.476-1.193] | P=0.231
Time for visit

Within 6 h 80 (26.6) 20 (14.5) 0.468 [0.275-0.799] P=0.005
6-24h 58 (19.3) 21(15.2) 0.752 [0.438-1.292] P=0.350
More than 24 h 89 (29.6) 55 (39.9) 1.578 [1.037-2.403] | P=0.038
Unclear 74 (24.6) 42 (30.4) 1.342 [0.859-2.096] P=0.202
Disease factor

Presence of fever 132 (47.5) 76 (59.8) 1.648 [1.078-2.520] P=0.024
Abdomonal pain 260 (90.3) 117 (90.0) 0.969 [0.489-1.917] P=1.000
Acute pain 165 (72.7) 58 (65.9) 0.726 [0.429-1.229] P=0.270
Absence of abdominal tenderness 20(7.1) 22 (17.5) 2.761 [1.457-5.232] P=0.002
Elevated C-reactive protein( above 10 mg/L) 198 (72.8) 83 (88.3) 2.820 [1.438-5.523] P=0.002
Perforation by a foreign body 16 (5.3) 8(6.3) 1.188 [0.507-2.788] P=0.654
Site of perfration

Rectum 28 (9.3) 13 (9.4) 1.014 [0.514-2.004] | P=1.000
Sigmoid colon 140 (46.5) 60 (43.5) 0.885 [0.590-1.326] | P=0.606
Descending colon 18 (18.6) 8(5.8) 0.968 [0.419-2.237] P=1.000
Transverse colon 10 (3.3) 1(0.7) 0.212 [0.035-1.305] P=0.185
Ascending colon 19 (6.3) 6 (4.3) 0.675[0.271-1.682] P=0.509
Cecum 4(1.3) 5(3.6) 2.791 [0.798-9.758] P=0.147
Small bowel 73 (24.3) 43 (31.2) 1.414 [0.906-2.206] P=0.131
Difficult to identify the detailed area 9 (3.0) 2(1.4) 0.477 [0.115-1.991] P=0.515
Situational factor

Night shift 89 (38.4) 31 (25.8) 0.560 [0.345-0.909] P=0.024
First visit at teaching hospital 194 (64.5) 54 (39.1) 0.355 [0.234-0.537] P<0.001
First visit at large hospital(more than 400 beds) 115(38.2) 26 (18.8) 0.375 [0.232-0.609] P<0.001
First visit at small hospital(less than 400 beds) 153 (50.8) 66 (47.8) 0.887 [0.593-1.326] P=0.608
First visit at clinic 33 (11.0) 46 (33.3) 4.061 [2.455-6.717] P<0.001
Unavailability of urgent radiology reports 206 (68.4) 115 (83.3) 2.306 [1.390-3.823] P=0.001
Clinic or hospital 43 (14.3) 46 (33.3) 3.000 [1.862-4.834] P<0.001
Gastroenterologist’s consultation at first visit 64 (21.3) 35(25.4) 1.258 [0.786-2.014] P=0.389
Emergency phycisian’s consulation at first visit 53(17.6) 5(3.6) 0.176 [0.071-0.438] P<0.001
General phycisian’s consulation at first visit 27 (9.0) 3(2.2) 0.226 [0.072-0.713] P=0.007
Other physician’s consultation af first visit 106 (35.2) 56 (40.6) 1.256 [0.831-1.899] P=0.288
Unknown’s consulation at first visit 51(17.0) 39 (28.3) 1.931 [1.201-3.107] P=0.008
Examined by a non-generalist(other than general 221 (734) 130 (94.2) 5.882 [2.796-12.356] | P<0.001

phycisian and emergency physician)

Table 1. Comparison of the characteristics for participants and factors associated with the diagnosis.

that the unavailability of urgent radiology reports may be related to delayed diagnosis. To solve these problems,
various factors such as training of the radiologists, improvement of the information technology systems includ-
ing remote reading, and reform of the medical system are necessary.
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Multivariate logistic regression analysis 0Odds ratio [95%CI] | P value
Elderly (> 65 years old) 0.79 [0.32-1.92] 0.597
Time for visit after 24 h 1.05 [0.40-2.74] 0.928
Presence of fever 2.09 [0.90-4.83] 0.086
Absence of abdominal tenderness 3.27 [0.90-11.90] 0.071
Elevated C-reactive protein(above 10 mg/L) 1.29 [0.44-3.78] 0.642
Night shift 1.16 [0.47-2.91] 0.747
First visit at teaching hospital 1.23 [0.46-3.25] 0.679
Unavailability of urgent radiology reports 3.15[0.97-10.20] 0.056
First visit at clinic 2.45[0.71-8.42] 0.156
Examined by a non-generalist 3.46 [1.13-10.60] 0.029

Table 2. Results of the multivariate logistic regression analysis on associated factors of lower gastrointestinal
perforation.

List of wrong initial diagnosis (n=91) | Cases

IS
~

Gastroenteritis

—
w

Small bowel obstruction

—_
(=]

Constipation

Diverticulitis

Appendicitis

Influenza

Ischemic colitis

Gastrointestinal bleeding

Intra-abdominal abscess

Inguinal hernia

Musculoskeletal disease

SIS ST I Sl I ST I ST ROV ROV IR0}

Disturbance of consciousness
Others

—
oo

Table 3. List of the wrong initial diagnosis.

The most common initial misdiagnoses in our study cohort were infectious enteritis, small bowel obstruc-
tion, constipation, diverticulitis, and appendicitis. In a previous study, upper gastrointestinal perforation was
a common diagnosis, while colonic swelling, appendicitis, and pancreatitis were also reported'!. The tendency
for fatal diseases to be overlooked under the diagnosis of gastroenteritis in Japan is consistent with the finding
of a previous study by Watari et al. °. It is understandable that constipation is a common initial diagnosis due
to the presenting characteristics of the patients. The frequencies of small bowel obstruction, diverticulitis, and
appendicitis among initial misdiagnoses are one of the features of this study. If there is small bowel obstruction
with fever, increased inflammatory response, and peritoneal irritation signs, it is advisable to review the dif-
ferential diagnoses. If there is abdominal pain with peritoneal irritation signs, it is advisable to request imaging
tests for a definitive diagnosis rather than simply judging the case as diverticulitis or appendicitis and treating
it empirically with antimicrobial agents.

The greatest strength of this multicenter Japanese study is its large sample size; however, there are certain limi-
tations to this study. First, the retrospective study design cannot fully exclude several common biases, including
information bias, selection bias, and unexpected confounding factors. Second, we did not determine the causes
of lower gastrointestinal perforation, because this disease is more common in the elderly and the bedridden,
and we presumed many cases to have been managed conservatively or palliatively without surgery. In fact, only
about half of the perforation sites could be identified at surgery, and many cases were treated conservatively.
Additionally, previous literature has shown that the causes of non-traumatic intestinal perforation are diverse and
that it is not necessary to determine them before surgery. Since the main purpose of this study was to determine
the accuracy of the initial diagnosis of lower gastrointestinal perforation and because of the abovementioned
limitations, causal analysis was excluded from the design. Third, about half of the cases in our study were diag-
nosed as lower gastrointestinal perforations based on the radiologist’s report of the CT images. In about 10%
of cases, radiologists reportedly misjudged whether the perforation was in the upper or lower gastrointestinal
tract®. Although this study excluded cases in which the radiologist could not determine the site of perforation, it
should be noted that the radiologist’s judgment is not absolute in nonoperative cases. Fourth, since the objective
of our study was to mainly identify epidemiological characteristics of delayed diagnosis of lower gastrointestinal
perforation, we did not examine the prognosis of the patients. There were many prognostic factors of acute abdo-
men, and most of the patients with this disease were elderly. Therefore, if we are to accurately analyze whether
delayed diagnosis is associated with the prognosis, we must consider the clinical course, detailed data on patient
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factors and hospital factors, and even palliative cases of perforation due to advanced colorectal cancer. In the
future, we hope to conduct a retrospective analysis of error cases wherein the errors might have occurred, to
determine what error patterns exist and whether they are preventable or not.

In summary, delayed diagnosis of lower gastrointestinal perforation occurs in about one-third of the cases.
Factors associated with delayed diagnosis probably include the presence of fever, absence of abdominal tender-
ness, unavailability of urgent radiology reports, and examination by a non-generalist.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.
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